Purpose We describe the emergence of recent public health challenges in China, particularly those regarding lifestylerelated non-communicable diseases (NCDs). We also summarize some recent examples of behavioral medicine research and practice in relation to the prevention and control of NCDs in China. Finally, we describe recent changes in the public health system in China and how behavioral medicine research and practice can be incorporated into this system to address these public health challenges. Methods We considered research and policy literature from both China and Western countries in order to evaluate the relevance of the field of behavioral medicine for addressing the rising NCDs in China. Results Rapid economic development and related social and environmental changes have brought about increasing wealth and lifestyle changes in China, along with new public health challenges related to the prevention and control of NCDs. The field of behavioral medicine has much to offer China in addressing these public health challenges. Although behavioral medicine research and practice are still at an early stage in China, there are encouraging signs of its development, particularly resulting from international collaborations with researchers from Western countries. The next stage of this field's development in China will involve increased integration of behavioral medicine into public health education, training, and the health system. However, this process of integration will need to build on China's traditional approaches to public health training, research, and practice. Conclusions Although the field of behavioral medicine in public health is still in its infancy in China, we argue that the practice and principles of behavioral medicine are important for successfully addressing the substantial burden of NCDs now and in the future.
Introduction
With a population of more than 1.3 billion people, China is the world's most populous country, and it is now the second largest economy in the world. Its rapid economic progress notwithstanding, China's vast population also contributes significantly to the global burden of disease, and the health of many citizens still lags behind its rapid economic growth [1] . In this article, we first discussed the recent emergence of public health challenges in China, particularly those related to non-communicable diseases (NCDs) such as cardiovascular disease and diabetes. We then summarized current behavioral medicine research and practice regarding NCD prevention in Western countries and in China and how behavioral medicine could help improve this situation in China. We further described China's public health system and discussed the challenges and opportunities involved in advancing the field of behavioral medicine in China.
Economic Growth, Lifestyle Changes, and NCDs in China
Since economic reform commenced in the late 1970s, China has experienced rapid economic growth and urbanization. Since then, China's economy has been growing at a rate of around 10 % per year [2] , and the percentage of the population living in urban areas has more than doubled from under 20 % in 1978 to almost 50 % in 2010 [3] . The economic growth and urbanization have contributed to significant improvements in many health indicators in China. For example, between 1970 and 2010, life expectancy rose from 60 to almost 73 years for men and from 63 to 79 years for women, and the under-5 mortality rate declined from 101 to 13 per 1,000 [4] . Meanwhile, the total fertility rate has declined from 4.8 to 1.6 children per woman from 1970 to 2010 [5] . In 2010, more than 13 % of the population was aged 60 years and above, compared with only 10 % in 2000 [6] , and this trend will continue to increase rapidly for years. The recently published Global Burden of Disease, Injuries, and Risk Factors Study revealed a striking transition in disease burden in China from 1990 till 2010. The disease burden (as measured by disabilityadjusted life years) from communicable, maternal, neonatal, and nutritional disorders declined by 67 %, while that from NCDs increased by 12 %. Indeed, seven of the ten leading causes of years of life lost in China were NCDs in 2010, with these being stroke, ischemic heart disease, chronic obstructive pulmonary disease (COPD), lung cancer, liver cancer, stomach cancer, and esophageal cancer [4] . According to national data, NCDs accounted for an estimated 80 % of deaths and 70 % of the total disease burden in China in 2005 [7, 8] . The number of NCD cases among Chinese people over the age of 40 is expected to more than double over the next two decades, and the burden of the four leading NCDs (myocardial infarction, stroke, diabetes, and COPD) is expected to increase by almost 50 % between 2010 and 2030 [9] . China has about one third of the world's diabetes cases, and the national prevalence of diabetes and pre-diabetes among adults in 2010 was 11.6 and 50.1 %, respectively [10] .
Evidence from a variety of sources demonstrates that some of the most important contributors to the recent rise of NCDs, particularly cardio-metabolic conditions, are changes in lifestyle behaviors [7, 11] . In 2010, the leading behavioral risk factors in China were nutrition and dietary behaviors, smoking, high alcohol use, and physical inactivity [4] . Between 1989 and 2004, the proportion of fat in the total dietary energy intake increased from 19 to 28 % [12] . Meanwhile, most Chinese adults have experienced a significant reduction in physical activity, as the energy expenditure from occupational and domestic sources declined by 23 and 54 % from 1991 to 2000 [13] . Modes of transportation have also become increasingly inactive as car ownership increased by an average of 20 % per year between the 1990s and 2005 [14] . Television ownership and the use of many other screen-based devices have also proliferated in Chinese households, so that leisuretime pursuits have become increasingly sedentary. For example, a recent study found that the proportion of Shanghai elderly who identified TV viewing as the most common leisure-time activity increased from 66 % in 1998 to 78 % in 2008 [15] . As a result of changes in diet, physical activity, and sedentary behavior, the prevalence of overweight and obesity among Chinese adults increased from 23 and 7 % in 2002 to 31 and 12 % in 2010 [16] .
To address the new public health challenge of lifestylerelated NCDs, it is important for China's health care and public health systems to emphasize on lifestyle changes among China's vast population. To be successful, this will require changes at all levels of society, particularly the living and working environments that facilitate healthy lifestyles. The field of behavioral medicine has much to offer in this regard, from understanding the multilevel influences on behaviors, to developing and evaluating interventions and strategies, and finally, to the translation of interventions to more "real world" community settings [17] .
Behavioral Medicine and the Prevention and Control of NCDs in China
The International Society of Behavioral Medicine's definition of behavioral medicine emphasizes its interdisciplinary nature: "[it is the] the interdisciplinary field concerned with the development and integration of sociocultural, psychosocial, behavioral, and biomedical knowledge relevant to health and illness and the application of this knowledge to disease prevention, health promotion, etiology, diagnosis, treatment, and rehabilitation" [18] . This interdisciplinary approach is important not only for informing an understanding of the determinants of NCDs but also for developing an evidence base for multilevel and multisectoral interventions.
Because the rapid increase in NCDs in China is so inextricably linked with its rapid socioeconomic development, it will only be possible to modify individuals' lifestyles by simultaneously addressing the mid-and upstream policies as well as the social and environmental determinants of health. To achieve this, community-wide and whole-of-society approaches are pivotal and should involve sectors such as urban planning, transportation, environmental protection, food marketing, and public policy. These kinds of approaches have been recently highlighted in an important publication in response to the World Health Organization (WHO)'s ambitious global target to reduce preventable mortality due to NCDs by 25 % by the year 2025 [19] .
Over the last 40 years, behavioral medicine researchers, primarily from Western countries, have been at the forefront in building the evidence base to demonstrate that interventions can positively influence lifestyle behaviors and their socioenvironmental determinants [20, 21] . These interventions have variously targeted individuals, population subgroups, whole populations, as well as policies, settings, and environments. Improving understanding about how health behaviors are influenced by multiple levels of determinants has in turn informed the development of social ecological models, which have subsequently been used to guide interventions [22] . For example, multilevel tobacco control efforts targeting individuals, organizations, environments, social norms, and policies have led to well-evaluated successes in tobacco control in places like California [23] .
Secondly, behavioral medicine has contributed greatly to the development of evidence-based international behavioral recommendations for the prevention and management of NCDs. For instance, a number of randomized control trials have demonstrated that undertaking at least 30 min of moderate-to-vigorous physical activities per day reduces risk of developing diabetes by 46 % among those with impaired glucose tolerance [24] and that dietary changes (Dietary Approach to Stop Hypertension (DASH) diet and reduction in sodium) effectively reduce blood pressure among hypertensive patients [25] . Evidence like this has been used to prepare guidelines for NCD prevention which have been subsequently recommended by international health authorities and then adopted by health care workers in many countries.
Thirdly, the use of sociobehavioral and other theories has informed the development of effective behavioral medicine interventions [26] . In the case of tobacco control, for example, besides social ecological models mentioned above, the Transtheoretical Model has been used intensively and effectively. The model takes into account that people at different stages of change have different needs and wants; therefore, different strategies are needed to advance their stages to result in behavioral changes [27] . Many other theories and models, such as social cognitive theory and social marketing theory, have become increasingly used in behavior change interventions.
Finally, recent research in behavioral medicine has increasingly emphasized the development, implementation, and evaluation of scaled-up interventions to evaluate the acceptability, feasibility, and cost-effectiveness of efficacious intervention strategies under "real world" conditions [28] . More attention in behavioral medicine is now also being given to translating and evaluating such interventions in more resourceconstrained settings and countries [29] .
Although it seems clear that the approaches and methods of behavioral medicine described above have much to offer to address the burden of NCDs that currently confronts China, they are still at an early stage in China. However, it is easily forgotten that when behavioral medicine was first established as a field in Europe and North America during the 1970s and 1980s, cross-disciplinary collaboration among the medical, public health, social, and behavioral sciences was still quite unusual. There are some encouraging signs that interdisciplinary approaches to conducting research and developing interventions are beginning to emerge in China. For example, while tobacco research in China traditionally focused on descriptive epidemiological research, recent social and behavioral epidemiological research has begun to examine correlates and determinants of smoking, such as social influences, cultural practices, marketing strategies, and policies [30] . This kind of research is a prerequisite for developing comprehensive tobacco control strategies in China. Another encouraging sign is the increasing international collaboration in behavioral medicine. For example, one author of this article (XZ) collaborated with a team of multidisciplinary international researchers to conduct a theory-based intervention trial using a community-based peer support approach for diabetes self-management. The trial results showed significant improvements in diet and physical activity and moderate changes in blood sugar levels [31] . She also worked with Dutch researchers to implement and evaluate a communitybased cardiovascular disease (CVD) prevention program adapted from the Netherlands to modify CVD risk factors, such as diet, physical activity, and smoking, among a high-risk population in China. Both of these community-based and theory-based interventions emphasized not only the individuals (e.g., knowledge, attitude, self-efficacy) but also the social environments (e.g., family, friends, and peer support group), communities (e.g., health care providers), and policies (e.g., financial and policy support from the local health bureau) [32] . These examples suggest an encouraging trend towards the adaptation of behavioral medicine concepts and methods to the prevention and control of NCDs in China.
Integrating Behavioral Medicine into Public Health Training, Practice, and Policy in China
Although there are some excellent recent examples of the application of behavioral medicine to NCD prevention and control in China, it is important that such approaches are incorporated into the broader health systems in China. However, the application of behavioral medicine in public health is still underdeveloped in China. For example, to the authors' knowledge, there are still no departments of behavioral medicine or social and behavioral sciences in the majority of schools of public health in China. However, in this regard, it is important to understand the unique history of China's public health system and the training of its workforce.
China's Public Health System China has a unique and nationally coordinated Centers for Disease Control and Prevention (CDC) system, which operates at the national, provincial, city, and district/county levels. The latter level of the CDC system is particularly important for disease surveillance as well as the management and delivery of public health and primary care services. The CDC system also has the responsibility for supporting, training, and supervising the community health services centers and their associated community health services stations in the delivery of basic primary care, health education, and health promotion.
The current China CDC system was established during 2002-2003 and evolved out of the earlier national system of anti-epidemic stations which were adapted from a system in the former Soviet Union in the early 1950s. The primary task of the anti-epidemic stations was to control the spread of infectious diseases. Over time, this system became increasingly incapable to deal with recent challenges from NCDs [33] . Hence, a new national CDC system was formally established to combat NCDs and other emerging public health challenges.
The History of Public Health Training in China Traditionally, the China CDCs recruit new employees from schools of medicine and schools of public health, usually with a background in medicine, laboratory sciences, statistics, or epidemiology. Unless trained overseas, very few of these employees have received systematic education or training in behavioral or social sciences, such as health psychology, medical sociology, medical anthropology, and health communication science. Employees with any background or interdisciplinary training in behavioral medicine are even more unusual. Therefore, the lack of staff with training and experience in health behavioral and social sciences limits the capacity of the health care and public health systems to prevent and manage NCDs in China.
When the concept of "public health" was originally adopted from the former Soviet Union, "public health" was translated into Chinese as "public hygiene" (公共卫生), which is a concept that is rather different from the WHO definition of "health" (健康), that is, "a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity" [34] . Within the tradition of public health in China, most of the emphasis was on "public hygiene" as it relates to the control of communicable diseases and public health medicine. Hence, most public health degrees in China have traditionally emphasized training in areas such as epidemiology and biostatistics (流行病学与卫生统计学), environmental hygiene (环境卫生学), food and nutrition hygiene (食品与营养卫 生学), occupation and labor hygiene (职业与劳动卫生学), school hygiene (学校卫生学), and radiation hygiene (放射卫 生学). In recent years, some schools of public health have introduced maternal and child health (妇幼与少儿卫生学) and social medicine (社会医学) [35] . This suggests that there has been much less emphasis on social, behavioral, and health policy sciences compared with public health training in Western countries over the last 20 years [36] . Indeed, it is still the case that for most postgraduate public health training in China, only individuals with an undergraduate degree in medicine or public health medicine are eligible to apply for admission. However, there are signs that some universities are starting to emphasize biobehavioral mechanisms (etiology, pathogenesis, and mechanisms of common diseases) and behavioral intervention approaches. Furthermore, the recently published university textbook of Health Education include sociobehavioral theories as key contents [37] .
Public Health Practice in China Since the 1950s, China has a long history of successful health education campaigns directed at infectious disease control and prevention. Traditionally, these programs used the contemporary media of the day and were based on the mobilization of communities and social influence as a way of directing families and communities to take specific actions. An example of such campaigns from this era is the "two controls and five changes" campaign (directed at improving the quality of drinking water and the removal of human feces by improving the sanitation of wells, toilets, cattle sheds, cooking fires, and living environments) [38] . Over the last 60 years, this campaign and many others in China have been very successful in the control and prevention of infectious diseases.
However, the current shift towards NCDs becoming the largest cause of disease burden in China requires more complex, multilevel changes throughout society and communities, while simultaneously encouraging individuals and their families to make healthy lifestyle choices. Such change at an individual level requires supportive policies and healthpromoting environments and communities. While there have been an increasing number of programs targeting lifestyle risk factors in China, the main approaches have been health propaganda, traditional information delivery, health education, and communication. Most of these programs have focused on raising people's awareness of health, and most have used a Knowledge, Attitude, and Practice (KAP) intervention approach. It was not until recently that contemporary theories and models were used to guide intervention development.
China's Health Care System and Health Reform In 2009, the Chinese government initiated a very ambitious health-care reform plan. One of the most important components of the reform is that the government now provides a budget of ¥30/person/ year (approx. US$5) to primary care organizations to deliver a defined package of 11 basic public health services. Most of the services in the package are relevant to the prevention and control of NCDs, such as providing health education to residents and diabetes and hypertension management. Furthermore, in May 2012, the Ministry of Health and 14 other ministries and state administrations in China issued a National Plan for NCDs Prevention and Treatment (2012-2015) , which proposed an extensive and ambitious list of strategies to be implemented to slow down and reverse the worsening situation of NCDs over the next 10 years [39] . These components of the health care reform have sent positive signals that the Chinese government is now paying more attention to the rising epidemic of NCDs. This has provided a good political environment for the development of behavioral medicine in China's public health system to combat rising NCDs.
Conclusions and Recommendations for the Future
While it is encouraging to see emerging research projects and programs in China that are applying the principles and theories of behavioral medicine, the translation and widespread implementation of these strategies remain limited due to the lack of human resources, knowledge, and capacity in the field [40] . Here, we provide some suggestions for the future sustainable development of behavioral medicine in China. Currently, international collaboration and exchange still play an important role in developing this field in China. However, with the increasing internationalization of schools of public health in China, they are sending researchers abroad as visiting scholars. Such exchanges should be facilitated by international institutions through regular fellowships and training programs. The International Society of Behavioral Medicine is in an excellent position to foster these developments, by organizing workshop forums, satellite meetings, and pre-conference workshops and special issues of relevant journals. It could also be helpful to establish behavioral medicine centers in major universities in China in order to serve as focal points for international exchange and collaborations. Through such facilitation, behavioral medicine approaches will gradually be incorporated into public health practice in China. Combating NCDs will require changes in people's lifestyles and physical and social environments. The authors are confident that the field of behavioral medicine will develop and be incorporated into public health practice in China in the near future.
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